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Forwarded  herewith  as  Ineleeure  #1  ie  B.R.D.E.  (Explosives  ^ 
'Research  h  Development  Establishment)  Technical  Memorandum  Ho*  S/fc/81  r 
^entitled  "Calculation  of  the  Explosive  Power  ef  Mixtures  of  Chlorine 
_  Tri  fluoride  end  Ammonia  (Both  Liquid)",  doted  July  1961. 

S.  Abtraot  of  the  Report  is  as  follows i- 

The  explosive  power  ef  mixtures  of  liquid  MBs  and  C1F5  within 
the  range  of  ratloo  of  1.4  to  S.S  moles  of  IHr  per  nolo  ClFj  are 
oaloulated.  Caloulatione  are  based  ea  the  oerrelation  of  the 
Bert helot  Produot  fer  the  mixtures  to  Its  value  for  Florlo  Aoid 
under  normal  oondltlon  in  the  explosive  oaloriaeter.  The  optimum 
mixture  ef  1,8  parts  by  weight  of  OlFg  with  1  part  of  HRs  gave  a 
oaloulated  value  ef  188  whioh  is  theoretically  about  equivalent  to 
ethyl  Mitrate  (184)  and  somewhat  bettor  than  RDX  (188).  Those 
oaloulstions  assume  lntimat*  mixture  and  oompleto  reaetion  whioh 
would  bo  very  difficult  to  achieve  in  practice. 


1*1?) 


U) 

M 

N 


1  Inals  E.R.D.E.  Technical 
Ho.  6/u/51 


A.W.  STODDARD 
Lt.  Col.  Ord  Corps 
Technical  Representative 
for  Artillery 


Coploo  furnished 1 

w/lnol  #1  •  8-0C0(QRDCD*IH)f  1-8AD  Bdi  2-OAmA  London  for  AC80-8 
w/o  Inolt  -  1-DACS  0-4  (RAD) |  1-0C0(0RDTX)|  1-File  ct 

a. 


|':atimny  A!?s~u  ub.-ai,', 


• 


OOVEft  V  j. 


■^r 


4 


E.R.D.E.  8/M/51. 


[ 

UNCLASSIFIED 


j  XR.  880/12. 


im-IISTRY  OF  SUPPLY 

E^gLOSrVES  HCSEABCH  AMP  DEVELOPMENT  ESTABLISHMENT 
TECHNICAL  lEIPRAHDUh  NO.  8/H/51. 


Calculation  of  the  Explosive  Pov/cr  of  Mixtures  of 
Chlorine  Trif luoridc  and  Ammonia  (Both  Liquid) . 

by 

G-.H.S.  Young 


This  memorandum  docs  not  contain  classified  information  of 

overseas  origin. 


| 

* 

Approved:  /„ 


L.A.  V/ISE3AN 
S.F.R.II. 


♦ 


Waltham  Abbey, 
Essex. 


Approved  for 
C irculation : 


P.*  JA- 


C.H.  JOHNSON 
C  *  S,  jE .  R.D.E , 


^anriTmrtrr'Uii 


f 

% 


UNCLASSIFIED 


DISTRIBUTION  STATEMENT  A 
Approved  for  Public  Release 
Distribution  Unlimited 


unclassified 

r'lT'Trjui.iuiL** 

‘  V  *’ 

DISTRIBUTION 


paternal 

TPA3/TIB  (29) 

Dr.  Phillips,  B.J.5.K, ,  through  TPA3/TIB, 
Ministry  of  Supply. 

Chief  Scientist 

C.E.A.D.  (3,  including  Mr.  Thoms,  Langhurst) 

C. S.A.R.  (3,  including  Dr.  Poole) 

D. M.X.R.D.  (2) 

D.G.F.R.D. 

D.17.R.  (D) 

P.D.S.R,  (D) 

Sec.O.B.  (2) 

Admiralty. 

A ,  C . S . I.L. 

INTERNAL 

C.S. ,E. R.D.E. 

S.P.R.II. 

s.E.r. 

I.S.R.G. 

Hr.  N,  IT,  Luft. 

Dr.  E,  Roberts 
Dr.  G.H.S.  Young 
Dr.  K.A.  Cooper 
Library  (2 ) 

Registry  (2) 

Information  Bureau  (2  +  stock) 


Further  copies  of  this  memorandum  can  be  obtained  from 
Chief  Superintendent,  Explosives  Research  and  Development 
Establishment,  V/alt ham  Abbey,  Essex, 


fill  .rionUllftia 


UNCLASSIFIED 


UNCLASSIFIED 


nnWBTTIWTTM. 


Reference :  XR  860/12. 


1.  ET  RODUCT ION . 

The  explosive  effectiveness  of  a  given  substance  relative  to  that  of 
the  accepted  standard,  picric  acid,  as  measured  for  example  by  the  Trautzl 
Block  or  the  Ballistic  Mortar  methods,  is  found  to  be  fairly  well  correlated 
with  the  relative  value  of  the  "Bcrthclot  Product".  The  latter  is 
proportional  to  rfi ,  where  Q  is  the  heat  (per  gm)  which  would  be  liberated 
by  the  chemical  change  which  actually  takes  place  in  the  explosion,  if  it 
could  take  place  in  the  same  way  at  ambient  temperature  (300°K, ),  while  n 
is  the  number  of  gram  molecules  of  gaseous  products  obtained  in  the  explosion 
from  one  gram  of  the  substance.  The  Explosive  Power  (Pr)  is  therefore 
defined  as  one  hundred  times  the  ratio  of  the  value  of  this  Bcrthclot  Product 
for  the  given  substance  under  stated  conditions  to  its  value  for  Picric  Acid 
under  normal  conditions  in  the  explosive  calorimeter. 


2 .  SYSTEM  CONSIDERED. 

Assuming  approximate  thermodynamic  equilibrium  the  principal  reaction 
within  the  range  of  mixture  ratios  studied  (1.4  to  2.3  moles,  of  MH3  per 
mole  of  CIP-j)  is  as  follows:- 


CIP^  +  x  NH3  = 


As  x  approaches  the  boundary  value  T,  the  temperature  of  the  adiabatic 
constant  volume  flame  rises  steeply  (see  rig, 2)  and  the  dissociation 
products,  atomic  chlorine  and  atomic  fluorine  become  appreciable  in  amount 
(3-4$),  the  amounts  of  the  molecular  forms,  CI2  and  P2>  being  somewhat  less 
while  the  dissociation  of  hydrogen  and  nitrogen  remains  effectively  small  at 
the  high  pressures  involved. 

The  main  reaction  alters  in  two  stages  as  x  is  still  further  diminished; 
the  hydrogen  virtually  disappears  and  atomic  chlorine  and  (ultimately) 
fluorine  appear  as  main  products. 

The  necessary  thermodynamic  data  for  calculating  the  flame  temperature 
and  explosive  power  at  these  lower  values  of  x  can  only  be  estimated  rather 
imperfectly,  but  fortunately  the  optimum  mixture  ratio,  as  regards  explosive 
power,  appears  to  lie  within  the  higher  range  of  x  as  indicated  by  the 
graph  (Pig.l).  It  was  therefore  not  necessary  to  investigate  the  lower 
range  of  x  in  detail. 

The  heat  of  formation  of  gaseous  GIF*,  about  which  there  has  been  some 
variation  of  opinion,  was  taken  to  be  28  k.cal,  per  mole  (H.V.  v.  tfartenberg, 
Z.anorg.Chcm. ,1949,  258.  356)  and  the  latent  heat  of  vaporization  as  5.h.  cal. 
per  mole,  The  remaining  thermodynamic  data  was  obtained  from  Pike's  tables 
and  from  the  compilation  of  the  American  Bureau  of  Standards. 

The  volume  of  the  system  was  taken  to  be  the  sum  of  the  volumes  of  the 
liquid  components  CIP^  and  NH^  at  300°K.  (assumed  to  be  under  suitable 


pressures) , 
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RESULTS. 


3. 


The  essential  results  of  the  calculations  are  as  follows 


Temperature  °K, 

CZ7  "n 

Pr. 

3870 

2.24 

186.55 

4065 

2.07 

187.7 

4355 

1.85 

187.76 

4455 

1.78 

f 

187.65 

4645 

1.65 

187.3 

4840 

1.51 

186.2 

4935 

1.42 

184.6 

The  decimal  places  in  the  value  of  Pr  arc  of  little  significance 
except  in  showing  the  smooth  trend  of  the  calculated  values,  with  a 
definite  maximum  of  about  188  at  x  =  1,95. 

This  maximum  figure,  188,  for  a  mixture  of  2.8  parts  by  w -eight  of 
CIF3  with  1  part  of  NHa ,  can  bo  compared  with: 


Explosive 

pr. 

Picric  Acid 

100 

T.N.T. 

108 

H.D.X, 

168 

Methyl  Nitrate 

185 

Nit romc thane 

154 

Thus  the  optimum  mixture  is  theoretically  about  equivalent  to  methyl 
nitrate  in  explosive  power  and  somewhat  better  than  R.D.X, 

It  seems  apparent  from  these  calculations  that  liquid  fluorine  would 
give  a  higher  explosive  power  with  liquid  ammonia,  because  the  energy  per 
unit  mass  is  greater,  and  there  would  be  no  heat  of  formation  term  to  be 
taken  into  account. 

The  calculations  assume  that  it  would  be  possible  to  get  an  intimate 
mixture,  and  complete  reaction.  In  practice  this  would  be  very  difficult 

to  achieve,  and  explosion  rather  than  detonation,  might  occur, 

4.  aci3tot£DG;Ients. 

Tho  calculations  on  which  this  note  is  based  we  re  carried  out  by 
Dr,  B.ll.  Cavanagh  and  Hiss  M,A,  Hooper. 
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